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ABSTRACT
We report data for I band Surface Brightness Fluctuation (SBF) magnitudes, (V−I)
colors, and distance moduli for 300 galaxies. The Survey contains E, S0 and early-type
spiral galaxies in the proportions of 49:42:9, and is essentially complete for E galaxies
to Hubble velocities of 2000 km s−1, with a substantial sampling of E galaxies out to
4000 km s−1. The median error in distance modulus is 0.22 mag.
We also present two new results from the Survey. (1) We compare the mean peculiar
flow velocity (bulk flow) implied by our distances with predictions of typical cold dark
matter transfer functions as a function of scale, and find very good agreement with
cold, dark matter cosmologies if the transfer function scale parameter Γ, and the power
spectrum normalization σ8 are related by σ8Γ
−0.5 ≈ 2 ± 0.5. Derived directly from
velocities, this result is independent of the distribution of galaxies or models for biasing.
The modest bulk flow contradicts reports of large-scale, large-amplitude flows in the
∼ 200 Mpc diameter volume surrounding our Survey volume. (2) We present a distance-
independent measure of absolute galaxy luminosity, N , and show how it correlates with
galaxy properties such as color and velocity dispersion, demonstrating its utility for
measuring galaxy distances through large and unknown extinction.
Subject headings: galaxies: distances and redshifts — galaxies: clusters: individual
(Virgo, Centaurus) – cosmology: distance scale – cosmology: large-scale structure of
universe
1. Introduction: A Brief History of SBF
The I-band Surface Brightness Fluctuation
(SBF) Survey was undertaken to measure ac-
curate distances to nearby galaxies in the ex-
pectation of tying Cepheid distances to the far-
field Hubble flow and substantially improving our
knowledge of the local velocity field. The Sur-
vey was inaugurated with the work of Tonry,
Ajhar, & Luppino (1990), who measured V RI
SBF magnitudes with the Kitt Peak 4m tele-
scope for 14 early-type galaxies, mostly members
of the Virgo cluster. Tonry (1991) followed with
the first fully empirical, though provisional, cal-
ibration of the method, based on the Cepheid
distance to M31 and the color dependence of the
I-band SBF magnitude mI for Fornax cluster
galaxies observed with the 4m telescope at Cerro
Tololo. The data collection has spanned a decade
now, with most of the recent northern data com-
ing from the MDM 2.4m on Kitt Peak and the
southern data coming from the Las Campanas
2.5m. A recent review of SBF can be found in
Blakeslee, Ajhar, & Tonry (1999).
The present series of papers began with Tonry
et al. (1997, hereafter SBF-I), which detailed
how the SBF survey data from different tele-
scopes and observing runs were intercompared
and brought into a homogeneous system, and
how error estimates were derived. In SBF-I, a
new I-band calibration with a significantly differ-
ent zero point was presented, and various meth-
ods were used to tie to the far-field Hubble flow
in order to derive the Hubble constant. Tonry
et al. (2000, SBF-II) used the SBF survey data
to construct a parametric flow model which in-
cluded infall into the Virgo and the Great At-
tractors, a residual quadrupole, an overall dipole
(bulk flow of the sample), the cosmic thermal ve-
locity dispersion, and the Hubble constant, all
as free parameters. SBF-II also revised the zero
point by using the latest Cepheid distances tab-
ulated by Ferrarese et al. (2000) and the new
DIRBE/IRAS Galactic extinction estimates from
Schlegel, Finkbeiner, & Davis (1998). Blakeslee
et al. (1999, SBF-III) used the same data set to
compare the measured SBF peculiar velocities to
predictions that derived from the galaxy density
field measured by flux-limited redshift surveys,
under the assumption that light traces mass with
a linear biasing prescription. This comparison
yielded values for both the Hubble constant and
β ≡ Ω0.6/b, where Ω is the matter density and b
is the linear bias of the observed galaxies.
In addition to the I-band ground-based sur-
vey, there have been a number of recent SBF ef-
forts in the F814W filter of WFPC2 on the Hub-
ble Space Telescope (HST). Ajhar et al. (1997)
gave the initial calibration of the method for this
filter. Lauer et al. (1998) measured SBF dis-
tances to four brightest cluster ellipticals at dis-
tances of ∼ 5000 km s−1, and Pahre et al. (1999)
measured the distance to NGC4373 in the Hydra-
Centaurus supercluster.
Recently, SBF measurements in near-infrared
bandpasses have been added. Jensen, Luppino,
& Tonry (1998a, 1998b) measured K-band SBF
distances to galaxies in the Virgo, Fornax, Eri-
danus, Centaurus, and Coma clusters. Another
HST study (Jensen et al. 2000, in preparation)
calibrates the F160W near-infrared NICMOS fil-
ter for use with SBF and samples the Hubble flow
out to 10,000 km s−1. The use of SBF in stellar
population synthesis has received renewed inter-
est of late (e.g. Liu, Charlot, & Graham 2000;
Blakeslee, Vazdekis, & Ajhar 2000), both as a
means for probing stellar populations and as an
independent check of the Cepheid distance scale.
These efforts underscore the importance of a solid
empirical calibration of the method.
In this paper, we present and discuss the data
from our I-band SBF distance survey and present
two new results based on these data.
2. The Galaxy Sample
Because it was our intent to make this sur-
vey as homogeneous as possible our observations
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span the entire sky, except for incomplete sam-
pling of the zone of avoidance. It is difficult to
make a really quantitative statement of our se-
lection function, because SBF observability de-
pends strongly on the atmospheric seeing, and
we were quite limited by the availability of tele-
scope time at the many facilities that were used
to conduct this study. However, as a guide, we
can compare with the RC3: Figure 1 shows how
the cumulative counts rise with redshift in the
SBF sample and the RC3. These are counts of
galaxies with BT ≤ 12.5, which includes about
63% of the galaxies in the SBF survey. We are
nearly complete in E galaxies to a Hubble veloc-
ity of 2000 km s−1 and have sampled a very sub-
stantial fraction even to 4000 km s−1. The higher
incompleteness for S0’s compared to E’s reflects
both the added difficulty of adequate modeling
of disk + bulge for some S0 galaxies and the fact
that we chose not to observe many of the S0’s in
groups where we already had distances to ellip-
tical galaxies. We have succeeded in measuring
SBF magnitudes in only a few spiral galaxies,
mostly ones with large, smooth bulges, and they
are mostly at nearby distances where Cepheid
observations are possible.
Figure 2 displays the distribution of galaxies
in reddening-corrected (V−I) color. The colors
used here (those in Table 1) are derived from
the regions of the galaxies in which the SBF
analyses were performed. Overall, the mean
color is 〈V−I〉0 = 1.145 and the rms disper-
sion is 0.06mag. The ellipticals follow a more
or less Gaussian color distribution centered at
(V−I)0 = 1.165 with a dispersion of only 0.04mag.
The blue tail extending to (V−I) < 1.0 is com-
prised mainly of S0 galaxies.
3. Calibration Issues
We described in SBF-I how we brought all
of the photometry onto a common system and
how we validated our error estimates for (V−I)
and mI through multiple observations. Groups
of galaxies were used to establish the slope of the
Fig. 1.— The cumulative counts of galaxies with
BT ≤ 12.5 are shown for the RC3 (upper curves)
and the SBF survey (lower curves). The three
sets of curves show counts of E, S0, and Sa and
Sb spiral galaxies with T ≤ 3.
mI–(V−I) relationship, and we compared the
relative group distances with those from other
distance estimators to demonstrate the apparent
universality of the mI–(V−I) relationship. By
comparison with the extant Cepheid distances
we also chose a zero point for the M I–(V−I)
relation and reported that the relations for ellip-
ticals, S0 galaxies and spiral bulges are indistin-
guishable with the present data.
In SBF-II, we described our switch from the
older Burstein & Heiles (1984) H i-derived extinc-
tion estimates to the new Schlegel, Finkbeiner,
& Davis (1998, hereafter SFD) extinctions based
on the DIRBE/IRAS maps. The SFD values are
preferable because of their greater homogeneity
over the sky and greater angular resolution, and
they are probably more accurate (see SFD). The
change affects our reductions of both mI and
(V−I) to extinction-free values. Despite an over-
all shift in E(B−V ) of nearly 0.02 mag, there
was little change to the distance estimates for
most galaxies because our zero point also comes
from galaxies with revised extinction estimates.
Nevertheless, these values for mI and (V−I)
should not be mixed with previously published
4
Fig. 2.— The (V−I) distribution of SBF
survey galaxies, represented by the shaded his-
togram. The dashed curve shows for comparison
a Gaussian of mean (V−I) = 1.16 and dispersion
0.04mag.
data without due attention to the differing as-
sumptions about extinction.
The zero point for the M I–(V−I) relation
continues to be a work in progress, unfortunately,
as we discuss in detail in SBF-II. While there is
concurrence that the slope of the M I–(V−I) re-
lation derived in SBF-I is accurate, uncertainty
in the zero point remains at the 0.1 mag level.
Essentially, the SBF zero point can be calibrated
using Cepheid distances or theory. The Cepheid
distances can be applied to SBF measurements
either galaxy by galaxy or through group associ-
ation of galaxies with Cepheid distances to other
galaxies with SBF distances. SBF-II adopted the
former approach and derived
M I = −1.74± 0.08+ (4.5± 0.25)[(V −I)0− 1.15]
(1)
using the HST Key Project Cepheid distances
(Ferrarese et al. 2000). The validity of this equa-
tion has been tested for colors in the range of
0.95 < (V−I)0 < 1.30. Our zero point is based
on the median value for six spirals with both
Cepheid and SBF measurements; using a sim-
ilar approach and a weighted average, Ferrarese
et al. (2000) derived a zero point of −1.79±0.09.
The uncertainty in the SBF zero-point is il-
lustrated by comparing these values to the re-
sult of the group-association method. As we dis-
cuss in SBF-II, using a group association between
Cepheid-bearing spirals and early-type galaxies
with SBF measurements results in a significant
change in the zero point to −1.61 ± 0.03. The
fainter group-based calibration points to either
systematically brighter SBF magnitudes for spi-
ral bulges or, as found by Kelson et al. (2000)
in the context of the fundamental plane calibra-
tion, a systematic offset for the Key Project spi-
rals to lie in front of the ellipticals in the same
groups. Additional data will be needed to resolve
the cause of this discrepancy and thereby firm up
the SBF calibration.
We emphasize that the error bars given here
do not include the systematic uncertainty in the
Cepheid zero point, estimated by Mould et al.
(2000) to be ±0.16 mag, which allows for ±0.13
mag of uncertainty in the adopted LMC distance
modulus of 18.50mag. This uncertainty should
be taken seriously, since the distance to the LMC
remains controversial. At the time of this writ-
ing, Freedman et al. (2000) are preparing a ma-
jor revision in the Cepheid distance scale based
on a reassessment of the LMC distance from
seven independent means, an improved PL re-
lation based on the new, large sample of LMC
Cepheids from the OGLE Project, and a small
metallicity dependence for the PL relation. Ap-
plication of these new Cepheid distances to our
six calibrating galaxies will make our SBF cali-
bration fainter by ∼ 0.1 mag with a correspond-
ing rise in the Hubble constant of about 5%.
A final example of the continuing uncertainty
in the SBF calibration comes from its derivation
purely from stellar evolution theory and popu-
lation synthesis. Worthey (1993a, 1993b, 1994)
was the first to accurately reproduce the em-
pirical slope of the M I–(V−I) relation; these
models gave a theoretical zero point of −1.81
(see SBF-I), consistent with the value in eq. (1)
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from the Cepheid calibration. Liu et al. (2000)
use an updated version of the Bruzual & Char-
lot (1993) models with the isochrones of Bertelli
et al. (1994) and find a similar I-band zero point
value of −1.79. These authors revised the AGB
evolution in their models because the original
Bruzual & Charlot AGB prescription gave a M I
zero point significantly fainter than the empiri-
cal result. The uncertainty in modeling the AGB
is a lingering problem for the theoretical deriva-
tion of the I-band zero point and will be an
even bigger problem for the K band. Indeed,
a fully independent re-derivation by Blakeslee
et al. (2000) using new models based on the latest
isochrones from the Padua group (Girardi et al.
2000) and empirical color-temperature transfor-
mations has yielded a value that is significantly
different. They reproduce the observed fluctu-
ation colors well and also match the empirical
I-band slope, but find a zero point of −1.47, i.e.,
0.27mag brighter than in eq. (1). The discrep-
ancy drops to 0.14mag for the SBF-II group cal-
ibration, and then would essentially disappear for
the revised Key Project Cepheid scale referred to
above. As Blakeslee et al. discuss, the theoretical
uncertainty also reflects a moderate sensitivity to
the uncertain details of stellar evolution, for ex-
ample, the distribution and lifetimes of stars on
the red giant branch.
Although we look forward to advances in stel-
lar evolution theory that will allow a robust the-
oretical SBF zero point, this is not likely to hap-
pen soon. For now, the empirical zero point ap-
pears more reliable.
4. The Data
Table 1 presents colors, fluctuation magni-
tudes, and distance moduli of the galaxies in the
SBF sample. The columns are (1) galaxy name;
(2) right ascension (J2000) from the RC3; (3)
declination (J2000); (4) redshift (km s−1, CMB
reference frame); (5) morphological T type; (6)
group number as defined by the Faber et al.
(1989 7S); (7) B band extinction adopted from
SFD; (8) (V−I) color measured at radii indicated
in column 11, error, and number of contribut-
ing measurements; (9) I band fluctuation mag-
nitude, error, and number of contributing mea-
surements; (10) distance modulus using eq. (1)
for M I as a function of (V−I), including all
sources of error except systematic error in the
zero point; (11) mean annular radius (arcsec)
contributing to the SBF measurement, ratio of
the innermost contributing radius to the mean,
and ratio of the outermost contributing radius to
the mean; (12) observation quality, as defined in
SBF-II: Q = log2[Ne(m)/PD
2], where Ne(m) is
the number of electrons that would be detected
in the image from an object of magnitude m,
and PD is the product of the full-width at half-
maximum of the point spread function (PSF) in
arcseconds and the CMB frame velocity in units
of 1000 km s−1 (so PD2 is proportional to the
metric area within a resolution element); (13)
“PD” value defined above; and (14) N I , discussed
below. Note that the seeing (in arcseconds) of
the observation can be derived as PD divided by
the CMB velocity in units of 1000 km s−1, ex-
cept that galaxies within 3◦ of NGC4486 and
with heliocentric velocity less than 2400 km s−1
were assigned a PD velocity of 1350 km s−1, galax-
ies within 2◦ of NGC4709 and with heliocentric
velocity between 3800 and 4800 km s−1 were as-
signed a PD velocity of 3100 km s−1, and other
galaxies with a negative redshift were assigned a
velocity of 10 km s−1.
Table 2 adds a few galaxies whose distances
are potentially biased either because the seeing
was poor for the distance (PD > 2.7) or the qual-
ity was poor (Q < 0). These observations were
deemed unacceptable for use in SBF-II, but we
include them here despite the potential for bias
they do provide at least crude distances and be-
cause the photometry is good. (The data of Table
2 might also be useful to further study of the de-
gree of bias present in this data set.) We also in-
clude NGC3413 in this table because it is a very
dusty galaxy and its color is significantly bluer
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than our empirical calibration allows. NGC4627
has likewise been relegated to this table for be-
ing too blue. We still lack adequate photometry
to provide colors for NGC 1331, NGC 3522, and
IC 5269. The columns in this table are the same
as with Table 1. We stress that these data should
be used with caution and should not be mixed
with the observations from Table 1.
Tables 1 and 2 are available in digital form
from http://www.ifa.hawaii.edu/∼jt/SBF in ta-
ble.good and table.poor.
Table 3 gives values for m in different band-
passes. The columns are mostly self explana-
tory, but the second column lists the mean radius
(in arcsec) where the fluctuation magnitudes and
colors were measured in NGC205. These data
come from a single observing run (M0893; see
SBF-I for details), and although they are sub-
jected to the same calibration as the other data,
some of the mI will not be identical to Table 1.
We hope, however, that the internal consistency
of these data will be better than by using the
average mI from Table 1 and therefore the fluc-
tuation colors will be more accurate. Note that
these data make it obvious that NGC404 is not a
member of the Local Group, but lies at a distance
of about 3Mpc.
Table 4 gives “group average” distances for
the galaxy defined in SBF-I. In particular, the
membership criteria are based on position on the
sky and redshift, not necessarily the group as-
signment made by the 7S, although we give the
group number defined by the 7S that most closely
corresponds to the SBF groups. The distance er-
rors do not take any account of the extent of the
group, hence are probably unrealistically small.
It would now probably be appropriate to select
the groups with some knowledge of the SBF dis-
tances (this would have been circular in SBF-I);
what we present here is only meant as a rough
guide to group properties. More precise group
distances can be derived from better group defi-
nitions and from Table 1.
5. The Local Velocity Field
Using the data just presented, we made a first
effort to extract the peculiar velocities in SBF-II
(where we fit a parametrized model) and SBF-
III (where we match the flow field inferred from
IRAS galaxy counts). The important results
from those papers are that we prefer the value
for H0 of 74 ± 4 from SBF-III (but dependent
on the Cepheid zero point as described above).
We find in SBF-III that βI = Ω
0.6/bI = 0.42
for the IRAS 1.2 Jy survey (Fisher et al. 1995),
and βO = 0.26 for the “Optical Redshift Survey”
(Santiago et al. 1995), which is consistent with
bIRAS = 1, bopt = 1.6, and ΩM = 0.25 ± 0.05.
Because of the interest over the last five years
in even larger flows on very large scales (e.g.,
Lauer & Postman 1994; Hudson et al. 1999;
Willick 1999), we wish to expand here on the
result in SBF-II which contradicts these claims.
Basically, the evidence is that, according to our
SBF model, the major part of the CMB dipole
is generated within a volume V <∼ 5000 km s
−1.
This means that to accept the existence of these
larger bulk flows in a volume that is much larger
than this (but includes it) is to find that our
subvolume is basically at rest with respect to
the CMB while material around that volume
is, on average moving with a high velocity (>∼
600 km s−1). This situation implies an improb-
able, if not impossible, spectrum of initial fluc-
tuations, very different from the scale-free power
spectrum that underlies cold-dark-matter (CDM)
models.
In contrast, our measure of the bulk flow as
a function of scale within our SBF Survey vol-
ume is in good agreement with theoretical pre-
dictions of typical cold-dark-matter (CDM) mod-
els based on a scale-free power spectrum, as
we now show. The “SBF-II model” gives us a
smooth measure of mean velocity and velocity
dispersion throughout the survey volume, which
is valid within |SGX|, |SGY | < 50 Mpc, and
|SGZ| < 25 Mpc. Figure 3 illustrates how well a
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Fig. 3.— The bulk flow observed and predicted
in top-hat spheres of radius R is shown for typi-
cal CDM models of the power spectrum (curves),
a simulated universe with a Γ = 0.21, σ8 = 0.94
CDM power spectrum (large open points), and
for the SBF-II observations (circles for SBF-II
model, diamonds for Willick and Batra variant).
The simulated universe encompasses many vol-
umes equal to that of the SBF-II survey, and
the rms variation in bulk flow seen from volume
to volume is shown as error bars on the open
points. Note that the radius is expressed in terms
of h−1 Mpc for consistency with what is normally
found in the literature. The rollover in the data
points at R < 10h−1 Mpc is caused by the lim-
ited spatial resolution of the SBF-II model.
typical CDM power spectrum matches the mean
bulk flows of these data.
The points are generated by computing the
SBF-II model velocity with respect to the CMB,
averaged over cubes of varying size. The RMS
of all the cubes within the survey volume gives
us a bulk flow on that scale. We assign an effec-
tive spherical radius to the cube size by match-
ing the volume of the sphere to that of the
cube. The rolloff in the bulk flow data points at
R < 10h−1 Mpc is inherent in the parametrized
model.
Willick and Batra (2000) have recently reex-
amined the SBF survey data and compared the
peculiar velocities with those expected from the
IRAS density distribution. In addition, they
redetermined parameters for the SBF-II model,
and the bulk flows from the Willick and Batra
model are also shown in Figure 3 to give a sense
of the uncertainty inherent in the interpolation
of the SBF peculiar velocities by this parametric
model.
For comparison we also plot curves showing
the bulk flow expected from a typical CDM
power spectrum, using the parametrization of
Bardeen et al. (1986) of the CDM transfer func-
tion and a flat cosmology with ΩM = 0.3, ΩΛ =
0.7. These transfer functions require a spatial
scale parameter Γ ∼ ΩMh and a normalization
which is commonly supplied by σ8, the rms mass
fluctuation between spherical volumes of radius
8h−1Mpc. We find that typical shape parame-
ters of Γ = 0.16, 0.21, and 0.26, and correspond-
ing normalizations of σ8 = 0.83, 0.94, and 1.05
match these observations of bulk flows very well.
We find negligible difference whether we use a
cube window function or a top-hat, with side and
radius related as above. To demonstrate this we
show in Figure 3 open points which come from
a numerical simulation of a universe with the
Γ = 0.21 and σ8 = 0.94 CDM power spectrum
and random phases. The bulk flows in this simu-
lation were computed in disjoint cubes precisely
in the same way as the data were treated (with
the same assignment of top-hat radii). Since
the simulated universe encompassed a volume
which was 8192 times as large as the SBF sur-
vey volume, it was also possible to assess the
cosmic variance in bulk flow expected when ve-
locity is measured within the finite SBF survey
volume. This RMS variation, represented by the
error bars on the simulation points in Figure
3, demonstrates that it will not be easy to put
stringent limits on the CDM transfer function
shape parameter Γ or normalization σ8 individ-
ually, but that the combination σ8Γ
−0.5 is fairly
well constrained at σ8Γ
−0.5 ≈ 2± 0.5. This com-
bination comes from the constraint these data
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place on the slope of the power spectrum be-
tween k ∼ 0.2hMpc−1, which contributes to σ8,
and k ∼ 0.04hMpc−1 which contributes to bulk
flows. The (one sigma) error bar is dominated by
the cosmic variance expected in the rather small
SBF survey volume. The value of this measure-
ment, of course, is that it is directly sensitive to
the mass fluctuations on scales of 50-200h−1 Mpc
without any recourse to galaxy distribution or
bias models.
In summary, the data of the SBF Survey seem
completely compatible with conventional models
of the formation of large scale structure, in con-
trast to the implications of even larger scale flows
that have been reported.
6. Distance Independent Absolute Lumi-
nosities: N
Developing more accurate ways of measuring
absolute luminosity for galaxies that is indepen-
dent of distance is obviously important for a wide
range of astronomical issues. SBF is another,
we believe, major step in that program. In the
course of this study we have investigated a fur-
ther parameterization which is, in addition, inde-
pendent of photometric calibration or extinction
as well. This measure of the absolute luminos-
ity comes from the ratio of the total apparent
flux from the galaxy and the flux provided by
the fluctuation signal. We express this in terms
of magnitudes as the difference between the fluc-
tuation magnitude and the total magnitude of
the galaxy:
N = m−mT . (2)
We callN the “fluctuation star count:” it amounts
to +2.5 log10 of the total luminosity of the galaxy
in units of the luminosity of a typical giant star.
We give values for N in the last columns of
Tables 1 and 2. The total magnitudes were de-
rived from the SBF survey photometry. A pro-
gram written by B. Barris fitted a modified Ser-
sic model (i.e., exp(−r1/n)) and a sky offset to
the azimuthally averaged profile (after removal
Fig. 4.— The (V−I) color of SBF galaxies is
shown as a function of N .
of stars and companion galaxies). The extrapo-
lation to infinity was converted to a total appar-
ent magnitude. The difference between this total
magnitude and the fluctuation magnitude yields
N . As is well known, this extrapolation can be
quite uncertain because of the great extent of
galaxies at low surface brightness; probably for
this reason there are occasionally significant dis-
crepancies between our total magnitudes in the
I band and BT values from the RC3 (which gen-
erally are derived forcing n to be 4). Therefore,
we urge care in use of values of IT recovered from
the values we give for N .
Not surprisingly, this absolute luminosity cor-
relates with color; Figure 4 shows the dependence
of (V−I) on N . This correlation is approxi-
mated by
(V−I) = 0.50 + 0.032N (3)
The slope of the relation is so shallow that a
very large error in N has negligible effect on the
prediction of (V−I) (a huge error of 0.5 mag in
N corresponds to an error of only 0.016 mag in
(V−I)). The scatter in (V−I) for all galaxies is
approximately 0.04 mag. If we restrict ourselves
to only bona-fide elliptical galaxies with the best
measurements of mI (error less than 0.30 mag)
and (V−I) (error less than 0.02 mag), the scatter
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decreases slightly to 0.03 mag. Inasmuch as the
median error of the (V−I) values used is 0.015
mag, this means that the intrinsic scatter in the
prediction of (V−I) from N may be as small as
0.025 mag. This corresponds to an RMS uncer-
tainty of only 0.02 mag in E(B−V ), which sug-
gests that this is a promising way to measure
extinctions.
For example, by measuring the I fluctuations
in a galaxy which is hidden behind 3 mag of ex-
tinction, one could establish N independent of
the extinction, derive (V−I)0 with an accuracy
of 0.025 mag, M I with an uncertainty of 0.11
mag, AI with an accuracy of 0.04 mag, and hence
an SBF distance which has an error of only 0.12
mag from extinction. Although there is some co-
variance in the final answer from the use ofmI for
both the intrinsic color and the distance modu-
lus, the slope of (V−I) with N is so shallow that
the covariance is very mild.
The direct use of (V−I) to estimate M I is
operationally difficult both because of the sensi-
tivity to dust extinction and also the necessity
for very accurate photometry. Use of N eases
these requirements considerably.
In practice, this means that it is not necessary
to go through (V−I) at all to estimate the abso-
lute M I , although some color information or es-
timate of dust extinction is eventually necessary
to get a distance modulus. In order to demon-
strate howM I depends on N we must once again
resort to groups so that mI differs from M I by
only an offset. Figure 5 shows values for mI in
eight groups as a function of N . The lines are
all drawn using the SBF distance modulus to the
group based on the (V−I) measure of M I and
the relation
M I = −1.74 + 0.14(N − 20). (4)
Again, there is some covariance between M I de-
rived this way and mI , but this correlation has
such a shallow slope that a distance modulus de-
rived this way will suffer little in accuracy.
We do not want to suggest that use of N
Fig. 5.— The fluctuation magnitudemI for SBF
galaxies in eight selected groups is shown as a
function of N I . The lines are not fitted to the
data, but are drawn with a slope of 0.14 and
zero points according to the SBF distance of the
group derived from (V−I) and mI .
should supplant the use of (V−I) to derive M I .
Use of (V−I) has a solid basis on stellar popu-
lations whereas N correlates with M I for simi-
lar reasons that elliptical galaxies fall on a fun-
damental plane, and potentially has unpleasant
systematic problems. Although the relation be-
tween M I and N shown in Figure 5 appears to
track the relation between M I and (V−I) in
eight different groups, it would not be surpris-
ing if the M I–N relation has environmental or
type dependencies. We offer N mainly as a sim-
ple and easy way to get a fairly reliable distance,
and believe that it is a worthy subject for study
in its own right. For example, Figure 6 illus-
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Fig. 6.— The velocity dispersion of elliptical
SBF galaxies is shown as a function of N I .
trates the rather tight correlation between N and
central velocity dispersion, tabulated by Prugniel
and Simien (1996):
log σ = 2.22 + 0.10 (N − 20). (5)
7. Lessons Learned and Future SBF Pos-
sibilities
The SBF Survey was an unexpectedly large
project. We condensed a total of 7828 CCD
frames taken over 65 observing runs to 2646 inde-
pendent images, comprising a total of 1022 hours
of exposure time. Unfortunately, most of the in-
tegration time was spent on observations which
eventually did not contribute to measurements of
mI . Either the seeing was superseded by a later
observation or the time was spent on photome-
try, as discussed below. The total observing time
that resulted in the mI measurements of Table 1
amounted to only 370 hours.
Figure 7 shows the distribution of seeing dur-
ing these observations.
Obviously, good seeing and high throughput
are the keys to successful SBF measurements. If,
for example, we were to take advantage of bet-
ter seeing to redo the present survey, reaching
PD = 1.3 by collecting 10 e− per mI with a high-
resistivity, near IR sensitive CCD and a wider-
Fig. 7.— The number of hours of exposure time
is shown as a function of seeing for the observa-
tions which eventually contributed to the tabu-
lated values for mI .
bandpass, high throughput I filter (gaining us
about a factor of two in sensitivity), we could
redo the entire survey in about 100 hours on a
2.4-m telescope. Furthermore, this set of would
distance measurements would be a factor of two
better, with a median error in mI of ∼0.12 mag.
Figure 8 shows the distribution of seeing we
would require for this project.
Another major lesson learned concerned pho-
tometry. It is clear in hindsight that I-band SBF
is very color sensitive, since the K and M giants
that dominate the fluctuations are very red and
have strong variations in (V-I) color. As a result,
excellent photometry is mandatory for SBF. Our
adopted program of “fitting in” photometric ob-
servations into our mI observations was not ef-
ficient. It would have been far better to devote
all the good-seeing time on large telescopes for
mI measurements and collect all the photome-
try on a few photometric, well-calibrated nights
with a 1-m class telescope, with a common fil-
ter and CCD. As discussed in SBF-I, we encoun-
tered a particular problem calibrating I-band
photometry with Tektronix CCDs which Sirianni
et al. (1998) suggest is due to reflections from
the mounting glass. This results in a large halo
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Fig. 8.— The number of hours of exposure time
is shown as a function of seeing for a new set of
observations which would improve the error in
mI to a median of 0.12 mag.
around the psf which affects points sources (stan-
dard stars) more than extended sources (target
galaxies).
Finally, better software could have helped. We
certainly learned how best to carry out SBF re-
ductions throughout the project, but software
which was more automated would have meant
that improvements could be easily applied to al-
ready reduced data. Some aspects of the soft-
ware could stand improvement even today, par-
ticularly galaxy fitting. Improved analytic mod-
els of systems with embedded disks, for exam-
ple, highly inclined S0 galaxies, would doubtless
add more galaxies with good SBF determina-
tions, since removal of such large-scale features
is essential for a good measurement of the power
spectrum on smaller scales. Our software is avail-
able on request to aid in the development of more
refined SBF reduction packages.
These lessons would have greatly eased and
improved our ground-based I-band SBF survey
that we spent a decade completing, but we also
believe that the true potential of the SBF tech-
nique lies ahead with new tools and applications.
Our successful SBF observations have mostly
been limited to galaxies with distances D <∼ 40
Mpc. With the increased aperture size and bet-
ter delivered image quality of the new genera-
tion of large telescopes it should be possible to
push considerably further: in 0.4′′ seeing it will
be straightforward to get excellent measurements
out beyond 50Mpc. This is an interesting range
for measuring large scale flows, near enough that
an individual measurement has very good accu-
racy (< 200 km s−1), yet far enough to sample
more than our local volume. (We also note that
the accuracy of the distances we present here is
limited mostly by observing conditions; we be-
lieve it would even be worthwhile to redo our sur-
vey given far superior observing conditions. Fig-
ure 8 is similar to the seeing distribution hoped
for on the new generation of telescopes, and an
aperture larger than 2.4-m would reduce the nec-
essary exposure times proportionately.
Recent improvements in size and characteris-
tics in IR arrays have opened the door for the
SBF technique. It is possible that the near-IR
will ultimately prove more powerful: the ampli-
tude of the SBF signal is 20–40 times larger, the
seeing is usually much better, and dust in the
target galaxy is less of a problem. On the other
hand, the much brighter sky detracts from these
advantages, and there are concerns about varia-
tions in the stellar population, galaxy to galaxy,
that may be more difficult to calibrate. Whereas
the I-band is dominated by light from every main
sequence star as it climbs the giant branch, in
the K-band there is significant contribution from
rarer AGB stars, which could make distance mea-
surements sensitive to stochastic variations in
intermediate-age populations. There is also sub-
stantial doubt as to whether near-IR SBF mag-
nitudes for elliptical galaxies are more than a
one-parameter family. According to Blakeslee
et al. (2000), the stellar population models indi-
cate that, at low metallicities, near-IR SBF mag-
nitudes depend mainly on age, while integrated
color depend mainly on metallicity. At higher
metallicities, the SBF amplitudes plateau, lead-
ing to a more complicated relation between color
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andM . Depending upon the mixture of ages and
metallicities occurring in actual galaxies, this re-
lation might or might not be a simple one. Thus,
an accurate characterization of near-IR SBF for
a large and diverse sample of galaxies could be
extremely important from the standpoint of both
stellar population and distance studies.
The next generations of HST instruments (ACS,
WFC3) should be superb for SBF surveys. The
imaging quality of HST makes it possible to
get good I-band SBF distances at 10,000 km s−1.
These new cameras will be much more sensitive
in the red than WFPC2, so the exposure times
will be shorter. The field of view will also be
greater, giving more surface area for the mea-
surement. Using the NICMOS camera SBF in
the H-band can reach 10,000 km s−1 in a single
orbit, and a modern IR array in WFC3 would be
even faster and better.
SBF has the potential to provide an accurate,
unbiased chart of large-scale structure — de-
fined by mass rather than galaxies — closer than
10,000 km s−1. Apart from cosmological studies
ofH0, large scale flows, local inhomogeneities, bi-
asing of galaxy density with respect to mass, this
will provide an important data for understand-
ing the physics of galaxy formation by relating
galaxy properties to the large-scale distribution
of dark matter. No longer limited by our inabil-
ity to convert fluxes and angles to luminosities
and distances, we will add needed precision into
studies of the history of star formation and struc-
ture for the nearest galaxies, those that we can
study best.
It is with great sadness that we acknowledge
the tragic death of our good friend and colleague
Jeffrey Willick during the preparation of this pa-
per. Jeff’s contributions to the study of large-
scale flows have been an important influence on
our work; he will be sorely missed.
We remain grateful to all our friends who have
helped us collect these data over the years. Paul
Schechter in particular has contributed many ob-
servations and much advice. Discussions with
Nick Kaiser about variance of variance were ex-
tremely helpful. Thanks are due to Brian Barris
for providing us with profile fits and magnitudes.
This work was supported primarily by NSF grant
AST9401519.
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Table 1
SBF Data
Galaxy RA Dec vCMB T Grp AB (V −I) mI (m−M) 〈r〉 Q PD NI
N7814 0.813 16.146 684 2 0 0.19 1.245 0.017 2 29.29 0.10 2 30.60 0.14 36 0.4 2.4 8.3 0.51 20.3
N0063 4.440 11.449 803 0 0 0.48 0.979 0.018 2 28.85 0.31 1 31.36 0.33 24 0.6 1.3 5.4 1.14 17.8
N0147 8.298 48.508 -456 -5 282 0.75 1.024 0.009 3 22.13 0.15 2 24.44 0.16 35 0.0 5.0 9.9 0.01 13.6
N0185 9.742 48.338 -494 -5 282 0.79 1.051 0.017 4 21.83 0.13 3 24.02 0.16 43 0.0 4.1 9.9 0.01 14.2
N0221 10.675 40.865 -494 -6 282 0.35 1.133 0.007 6 22.73 0.05 3 24.55 0.08 30 0.0 5.9 9.9 0.01 15.6
N0224 10.685 41.269 -590 3 282 0.35 1.231 0.007 5 23.03 0.05 3 24.40 0.08 51 0.0 3.4 9.9 0.01 21.6
N0274 12.758 -7.058 1390 -3 0 0.24 1.135 0.020 2 29.64 0.45 1 31.45 0.47 33 0.7 1.4 3.0 1.68 18.8
N0404 17.363 35.718 -332 -3 0 0.25 1.054 0.011 2 25.40 0.07 2 27.57 0.10 23 0.0 3.8 9.9 0.01 16.9
N0448 18.816 -1.625 1589 -3 0 0.26 1.132 0.029 1 30.58 0.33 1 32.41 0.35 18 0.4 1.6 4.3 1.41 19.3
N0524 21.199 9.539 2091 -1 0 0.36 1.221 0.010 3 30.48 0.19 1 31.90 0.20 64 0.7 1.4 2.6 1.65 21.6
N0584 22.837 -6.868 1566 -5 26 0.18 1.157 0.009 4 29.82 0.19 2 31.52 0.20 23 0.3 3.4 3.1 1.41 20.6
N0596 23.217 -7.033 1509 -4 26 0.16 1.135 0.008 5 29.89 0.08 2 31.69 0.10 31 0.2 2.5 3.1 1.51 20.3
N0636 24.778 -7.513 1504 -5 26 0.11 1.156 0.008 5 30.65 0.14 1 32.37 0.16 19 0.4 3.0 3.8 1.13 20.6
N0720 28.252 -13.739 1438 -5 0 0.07 1.214 0.009 4 30.76 0.15 1 32.21 0.17 32 0.2 1.8 4.0 1.09 21.7
N0821 32.088 10.996 1433 -5 0 0.47 1.196 0.022 1 30.38 0.13 1 31.91 0.17 30 0.5 2.2 5.3 1.00 20.9
N0855 33.515 27.877 338 -5 0 0.31 1.015 0.018 1 27.59 0.14 2 29.94 0.17 19 0.5 1.8 9.6 0.23 16.2
N0891 35.638 42.347 305 3 0 0.28 1.142 0.017 1 27.83 0.11 1 29.61 0.14 94 0.5 1.9 9.6 0.36 19.3
N0936 36.907 -1.155 1176 -1 0 0.15 1.213 0.010 3 30.35 0.28 1 31.81 0.28 49 0.7 1.3 5.4 0.94 21.8
N0949 37.704 37.136 381 3 0 0.25 0.958 0.011 2 27.65 0.16 1 30.26 0.18 35 0.6 1.2 9.3 0.44 17.0
N1023 40.100 39.063 432 -3 0 0.26 1.193 0.017 2 28.74 0.13 3 30.29 0.16 45 0.1 3.9 9.5 0.25 20.9
N1052 40.270 -8.256 1242 -5 207 0.12 1.213 0.010 3 29.98 0.26 2 31.44 0.27 46 0.4 1.7 3.5 1.48 20.8
N1162 44.733 -12.399 2126 -5 29 0.21 1.173 0.032 1 31.44 0.27 1 33.08 0.31 18 0.4 3.3 1.8 1.91 20.6
N1172 45.400 -14.837 1472 -4 29 0.28 1.112 0.032 1 29.75 0.13 1 31.66 0.20 23 0.3 2.5 3.8 1.40 19.4
N1199 45.910 -15.614 2512 -5 29 0.23 1.188 0.012 3 31.03 0.32 1 32.60 0.32 28 0.3 2.1 0.9 2.03 20.9
N1201 46.035 -26.068 1548 -2 0 0.07 1.178 0.009 3 29.91 0.29 1 31.53 0.30 44 0.7 1.4 1.9 2.04 20.5
N1209 46.513 -15.612 2429 -5 29 0.16 1.198 0.010 3 31.24 0.22 1 32.77 0.23 20 0.4 2.9 1.7 1.72 21.1
N1297 49.809 -19.101 1383 -2 0 0.12 1.187 0.018 2 30.70 0.41 1 32.28 0.42 44 0.7 1.4 3.4 1.42 20.3
N1316 50.673 -37.208 1657 -2 31 0.09 1.132 0.016 2 29.83 0.15 2 31.66 0.17 110 0.3 2.2 1.9 1.79 22.7
I1919 51.508 -32.896 1058 -3 31 0.06 1.108 0.018 1 29.38 0.14 1 31.31 0.17 16 0.4 1.8 5.5 0.85 18.7
N1332 51.572 -21.336 1316 -3 32 0.14 1.222 0.010 4 30.38 0.16 1 31.80 0.18 37 0.4 1.6 4.1 1.01 21.4
N1336 51.630 -35.714 1344 -3 31 0.05 1.124 0.032 1 29.53 0.15 2 31.38 0.21 34 0.2 1.7 3.7 1.45 18.4
E358-006 51.824 -34.527 1234 -4 31 0.04 1.068 0.020 2 29.24 0.31 1 31.35 0.32 13 0.6 2.2 4.8 0.97 17.6
N1339 52.027 -32.286 1252 -4 31 0.06 1.134 0.012 3 29.79 0.35 1 31.61 0.35 20 0.4 1.5 4.2 0.95 19.2
N1344 52.080 -31.068 1086 -5 31 0.08 1.135 0.011 3 29.67 0.29 2 31.48 0.30 27 0.3 2.2 5.0 0.97 20.6
N1351 52.645 -34.853 1420 -3 31 0.06 1.148 0.016 2 29.86 0.13 1 31.61 0.16 26 0.3 2.2 3.8 1.12 19.8
N1366 53.472 -31.193 1186 -2 31 0.07 1.095 0.018 1 29.63 0.27 1 31.62 0.29 22 0.7 1.4 3.6 1.48 18.9
N1373 53.745 -35.171 1272 -4 31 0.06 1.085 0.013 2 29.74 0.46 1 31.78 0.47 11 0.7 1.4 2.7 2.05 17.5
N1375 53.819 -35.266 660 -2 31 0.06 1.070 0.019 1 29.48 0.09 3 31.58 0.13 23 0.3 2.5 8.2 0.51 18.3
N1374 53.820 -35.226 1284 -5 31 0.06 1.146 0.016 2 29.72 0.10 1 31.48 0.13 37 0.2 3.1 4.3 1.00 20.0
E358-025 53.889 -32.465 1346 -3 31 0.04 1.034 0.018 1 28.99 0.24 1 31.25 0.26 23 0.7 1.3 2.4 2.07 16.8
N1379 54.014 -35.441 1297 -5 31 0.05 1.143 0.019 1 29.74 0.11 1 31.51 0.15 41 0.2 2.8 4.2 1.00 19.8
N1380 54.112 -34.976 1732 -2 31 0.08 1.197 0.019 1 29.70 0.15 2 31.23 0.18 49 0.3 2.4 0.8 2.67 20.8
N1381 54.131 -35.294 1640 -2 31 0.06 1.189 0.018 1 29.71 0.19 1 31.28 0.21 24 0.6 1.2 3.1 1.16 19.4
N1386 54.193 -35.999 815 -1 31 0.05 1.101 0.018 1 29.13 0.23 1 31.09 0.25 46 0.6 1.3 5.3 1.26 19.1
N1380A 54.197 -34.739 1485 -2 31 0.06 1.138 0.018 1 29.21 0.28 1 31.00 0.29 23 0.6 1.3 2.1 2.15 18.3
N1387 54.238 -35.506 1192 -3 31 0.06 1.208 0.047 2 30.06 0.14 1 31.54 0.26 26 0.3 2.2 4.3 1.16 20.8
N1382 54.285 -35.195 1652 -3 31 0.07 1.106 0.013 2 29.83 0.30 2 31.77 0.31 18 0.4 2.1 1.2 2.58 17.8
N1389 54.299 -35.745 841 -3 31 0.05 1.145 0.019 1 29.92 0.16 1 31.68 0.18 26 0.6 2.4 6.1 0.91 19.6
N1399 54.621 -35.449 1314 -5 31 0.06 1.227 0.016 2 30.11 0.13 1 31.50 0.16 46 0.2 2.6 3.8 1.34 21.7
N1395 54.623 -23.028 1568 -5 32 0.10 1.215 0.010 4 30.47 0.14 2 31.91 0.16 40 0.2 2.9 2.9 1.49 22.0
N1411 54.688 -44.100 910 -3 0 0.04 1.107 0.018 1 29.54 0.23 1 31.48 0.25 30 0.5 2.0 4.9 1.21 19.4
N1404 54.715 -35.593 1817 -5 31 0.05 1.224 0.016 2 30.20 0.16 1 31.61 0.19 45 0.3 2.7 2.0 2.00 21.5
N1400 54.880 -18.689 409 -3 32 0.28 1.170 0.009 4 30.46 0.32 3 32.11 0.33 34 0.4 2.3 9.6 0.32 21.0
N1407 55.052 -18.581 1627 -5 32 0.30 1.222 0.010 4 30.88 0.25 1 32.30 0.26 31 0.2 1.9 2.9 1.42 23.0
N1419 55.178 -37.512 1456 -5 31 0.06 1.110 0.018 1 29.50 0.22 1 31.42 0.24 22 0.7 1.4 2.8 1.63 17.8
N1427 55.582 -35.393 1326 -4 31 0.05 1.152 0.018 1 30.13 0.22 1 31.86 0.24 42 0.4 1.4 3.5 1.45 20.5
N1426 55.705 -22.110 1313 -5 32 0.07 1.161 0.009 4 30.22 0.17 1 31.91 0.18 29 0.2 2.0 4.3 1.27 20.1
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Table 1—Continued
Galaxy RA Dec vCMB T Grp AB (V−I) mI (m−M) 〈r〉 Q PD NI
N1439 56.210 -21.922 1543 -5 32 0.13 1.131 0.009 4 30.30 0.13 1 32.13 0.15 28 0.3 2.1 3.3 1.25 20.4
E358-059 56.264 -35.973 931 -3 31 0.04 1.081 0.016 2 29.55 0.18 1 31.60 0.20 13 0.6 2.3 6.4 1.02 17.3
I2006 58.618 -35.967 1252 -5 31 0.05 1.183 0.018 1 29.99 0.27 1 31.59 0.29 45 0.7 1.4 3.6 1.45 19.6
N1527 62.102 -47.897 1117 -3 0 0.05 1.230 0.016 2 29.90 0.20 1 31.28 0.22 25 0.3 2.3 4.4 0.95 20.5
N1533 62.464 -56.121 744 -3 211 0.07 1.198 0.018 1 30.13 0.37 1 31.65 0.38 44 0.7 1.4 5.7 1.14 20.6
N1543 63.180 -57.737 1065 -2 211 0.12 1.173 0.016 2 29.88 0.14 1 31.51 0.17 52 0.3 2.2 4.2 1.11 20.8
N1537 63.421 -31.646 1300 -3 210 0.11 1.096 0.018 1 29.84 0.16 1 31.83 0.19 40 0.4 3.0 3.0 1.72 20.5
N1549 63.938 -55.592 1128 -5 211 0.05 1.168 0.016 2 29.81 0.15 1 31.47 0.18 24 0.3 2.4 3.5 1.13 21.5
N1553 64.043 -55.781 1256 -2 211 0.05 1.159 0.016 2 29.64 0.14 1 31.34 0.17 29 0.2 2.0 3.3 1.31 21.5
N1574 65.496 -56.974 1025 -3 211 0.07 1.162 0.016 2 29.80 0.19 1 31.49 0.21 35 0.4 1.7 4.0 1.10 20.8
N1596 66.907 -55.027 1508 -2 211 0.04 1.171 0.016 2 29.27 0.13 1 30.92 0.16 21 0.3 2.8 2.2 1.57 19.4
N2271 100.718 -23.476 2724 -3 0 0.53 1.234 0.029 1 31.15 0.25 1 32.51 0.28 21 0.4 2.8 1.9 1.93 20.6
N2293 101.929 -26.753 2135 -1 0 0.52 1.237 0.013 2 29.81 0.40 1 31.16 0.41 11 0.7 1.4 2.6 2.03 20.8
N2325 105.669 -28.697 2408 -5 0 0.51 1.164 0.014 2 30.36 0.14 1 32.04 0.16 19 0.3 2.3 2.1 2.14 21.3
N2380 110.980 -27.529 1963 -2 0 1.32 1.110 0.009 4 30.14 0.35 1 32.05 0.35 15 0.5 1.9 2.1 1.63 21.2
E208-021 113.486 -50.442 1166 -3 0 0.75 1.146 0.018 1 28.90 0.18 1 30.66 0.20 41 0.7 1.5 4.0 1.43 19.5
N2434 113.715 -69.284 1440 -5 212 1.07 1.098 0.055 1 29.70 0.15 1 31.67 0.29 27 0.3 2.2 4.1 1.43 20.6
I2311 124.690 -25.371 2090 -5 0 0.62 1.136 0.027 1 30.04 0.14 1 31.84 0.20 19 0.4 3.0 2.3 2.09 20.0
N2549 124.743 57.803 1159 -2 0 0.28 1.163 0.012 2 28.82 0.27 1 30.51 0.28 33 0.7 1.3 3.0 1.39 18.9
N2592 126.783 25.971 2213 -5 0 0.26 1.205 0.010 3 30.55 0.42 2 32.05 0.43 28 0.4 1.6 1.1 2.26 19.8
N2634 132.105 73.967 2309 -5 283 0.09 1.154 0.022 1 30.90 0.67 1 32.62 0.68 24 0.7 1.4 1.5 2.22 20.9
N2683 133.171 33.417 640 3 0 0.14 1.147 0.015 1 27.68 0.35 1 29.44 0.36 48 0.7 1.5 5.4 0.49 19.1
N2681 133.388 51.315 868 0 0 0.10 1.041 0.010 3 28.95 0.34 1 31.18 0.34 60 0.6 2.4 6.1 0.74 20.3
N2695 133.613 -3.067 2126 -2 273 0.08 1.183 0.051 1 30.96 0.32 2 32.55 0.40 20 0.3 2.9 3.1 1.64 20.3
N2699 133.953 -3.128 2128 -5 273 0.09 1.152 0.051 1 30.42 0.14 1 32.15 0.27 18 0.4 1.6 2.2 1.68 19.3
N2768 137.907 60.039 1483 -5 215 0.19 1.144 0.027 1 29.98 0.20 1 31.75 0.24 24 0.7 1.4 3.4 0.96 21.0
N2784 138.078 -24.173 1014 -2 0 0.93 1.188 0.023 1 28.40 0.23 2 29.96 0.25 54 0.3 2.2 4.4 1.37 20.3
N2778 138.102 35.028 2250 -5 216 0.09 1.150 0.015 1 30.06 0.29 1 31.80 0.30 18 0.5 2.0 1.5 2.07 18.7
N2787 139.829 69.203 763 -1 0 0.57 1.194 0.019 1 27.82 0.35 1 29.37 0.36 35 0.6 1.3 3.3 1.18 18.9
N2865 140.878 -23.163 2897 -5 284 0.36 1.105 0.019 2 30.95 0.17 1 32.89 0.20 21 0.3 2.8 0.6 2.14 20.8
N2880 142.396 62.490 1677 -3 215 0.14 1.148 0.015 1 29.95 0.20 1 31.70 0.21 22 0.4 1.6 2.9 1.31 19.4
N2904 142.570 -30.384 2694 -3 0 0.54 1.201 0.041 1 30.36 0.14 2 31.86 0.24 19 0.3 2.2 1.7 2.07 19.3
N2974 145.639 -3.700 2266 -5 0 0.23 1.203 0.015 1 30.16 0.23 1 31.66 0.24 37 0.6 2.4 0.6 2.15 21.0
N2950 145.652 58.852 1466 -2 0 0.07 1.110 0.019 1 28.95 0.25 1 30.87 0.27 33 0.7 1.3 1.0 2.23 19.3
N3032 148.033 29.237 1842 -2 0 0.07 1.073 0.019 1 29.62 0.26 1 31.71 0.28 25 0.7 1.4 2.7 1.71 18.8
N3056 148.637 -28.297 1373 -1 0 0.39 1.073 0.023 1 28.34 0.22 1 30.43 0.25 27 0.6 2.2 2.5 1.98 17.9
N3031 148.890 69.067 46 2 0 0.35 1.187 0.011 3 26.38 0.25 3 27.96 0.26 72 0.0 2.4 9.9 0.04 20.8
N3078 149.602 -26.926 2837 -5 219 0.31 1.209 0.017 2 31.25 0.29 2 32.73 0.30 31 0.5 2.0 1.0 2.67 21.6
N3087 149.787 -34.225 2976 -4 218 0.45 1.164 0.019 2 31.04 0.18 1 32.72 0.21 23 0.3 2.6 1.6 2.23 21.2
N3073 150.216 55.620 1317 -3 0 0.04 1.007 0.019 1 30.26 0.92 1 32.64 0.93 17 0.7 1.3 1.9 1.51 18.3
N3077 150.838 68.734 95 0 0 0.29 1.044 0.015 2 25.81 0.10 1 28.03 0.13 46 0.4 2.9 9.9 0.09 17.1
N3115 151.309 -7.719 1054 -3 0 0.20 1.183 0.010 6 28.34 0.06 4 29.93 0.09 54 0.3 3.2 4.4 0.95 20.8
N3136 151.451 -67.378 1823 -5 44 1.03 1.095 0.033 2 29.96 0.15 1 31.95 0.22 32 0.5 1.9 3.5 1.39 21.2
N3136B 152.555 -67.005 1949 -4 44 0.81 1.164 0.033 2 29.96 0.11 2 31.64 0.19 17 0.4 3.4 3.1 1.52 19.6
N3156 153.171 3.131 1651 -2 252 0.15 1.011 0.011 5 29.38 0.13 1 31.75 0.14 17 0.4 1.7 3.0 1.34 18.5
N3193 154.604 21.895 1696 -5 45 0.11 1.174 0.009 4 31.03 0.17 1 32.66 0.18 23 0.2 3.0 3.8 0.85 21.5
N3226 155.864 19.899 1601 -5 45 0.10 1.178 0.015 1 30.25 0.23 1 31.86 0.24 23 0.5 1.9 2.7 1.33 20.5
N3250 156.635 -39.943 3189 -5 46 0.44 1.226 0.019 3 31.75 0.14 2 33.15 0.17 27 0.3 2.2 1.6 2.14 22.1
N3245 156.826 28.508 1657 -2 0 0.11 1.139 0.023 1 29.81 0.16 1 31.60 0.20 25 0.4 1.7 1.2 1.79 20.0
N3257 157.196 -35.658 3344 -3 46 0.33 1.192 0.041 1 31.13 0.18 1 32.68 0.26 15 0.5 2.0 1.2 2.61 19.8
N3258 157.226 -35.606 3129 -5 46 0.36 1.209 0.034 1 31.06 0.22 1 32.53 0.27 26 0.3 2.3 1.7 2.32 21.2
N3268 157.503 -35.325 3084 -5 46 0.45 1.189 0.023 2 31.14 0.22 1 32.71 0.25 9 0.5 1.9 1.7 1.85 21.6
N3318 159.315 -41.628 3071 3 0 0.34 1.073 0.101 1 30.61 0.19 1 32.70 0.49 18 0.3 2.3 1.1 2.06 20.1
N3368 161.688 11.821 1252 2 57 0.11 1.145 0.015 1 28.32 0.20 1 30.08 0.22 132 0.7 1.3 1.7 1.63 20.2
N3377 161.924 13.983 1038 -5 57 0.15 1.114 0.009 4 28.35 0.06 3 30.25 0.09 42 0.2 3.7 4.8 0.89 19.5
N3379 161.958 12.582 1274 -5 57 0.10 1.193 0.015 1 28.57 0.07 2 30.12 0.11 57 0.2 3.1 2.4 1.59 20.3
N3384 162.072 12.630 1080 -3 57 0.11 1.151 0.018 1 28.59 0.10 1 30.32 0.14 63 0.3 2.4 3.9 1.24 20.1
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N3412 162.722 13.413 1218 -2 57 0.12 1.111 0.015 1 28.35 0.11 1 30.27 0.14 40 0.6 2.2 3.0 1.40 18.7
N3414 162.818 27.976 1784 -2 0 0.10 1.149 0.019 1 30.27 0.32 1 32.01 0.33 32 0.7 1.4 1.2 1.66 20.6
N3457 163.703 17.622 1497 0 0 0.14 1.098 0.015 1 29.60 0.13 2 31.58 0.15 17 0.5 2.1 3.4 1.32 18.2
N3489 165.076 13.902 1045 -1 0 0.07 1.041 0.023 1 28.18 0.10 2 30.41 0.15 49 0.4 1.4 3.9 0.96 18.9
N3557 167.490 -37.538 3337 -5 154 0.43 1.183 0.016 1 31.72 0.20 1 33.30 0.22 20 0.3 2.1 1.7 2.67 23.0
N3585 168.320 -26.756 1845 -5 285 0.28 1.160 0.016 2 29.81 0.16 1 31.51 0.18 56 0.5 2.1 1.2 2.31 21.5
N3599 168.864 18.113 1192 -2 48 0.09 1.112 0.012 2 29.63 0.16 1 31.54 0.18 27 0.4 1.6 4.4 1.14 19.3
N3605 169.195 18.018 1029 -5 48 0.09 1.118 0.024 2 29.70 0.27 1 31.58 0.29 8 0.7 1.4 5.1 1.11 18.1
N3607 169.225 18.053 1294 -2 48 0.09 1.152 0.010 3 30.06 0.15 1 31.79 0.17 32 0.3 2.7 3.8 1.40 21.4
N3608 169.245 18.149 1539 -5 48 0.09 1.156 0.009 5 30.09 0.12 1 31.80 0.14 25 0.2 2.7 3.8 0.92 20.5
N3610 169.608 58.787 1922 -5 281 0.04 1.108 0.015 1 29.73 0.20 1 31.65 0.22 32 0.7 1.4 0.7 2.21 19.8
N3613 169.651 58.001 2216 -5 281 0.05 1.175 0.015 1 30.69 0.39 1 32.32 0.40 27 0.4 1.6 0.3 2.22 21.0
N3626 170.015 18.358 1815 -1 48 0.09 1.009 0.015 1 29.13 0.23 1 31.51 0.24 52 0.7 1.4 1.6 2.03 19.2
N3640 170.278 3.236 1674 -5 50 0.19 1.140 0.009 5 30.37 0.12 1 32.16 0.13 25 0.3 2.3 3.1 1.49 21.3
N3641 170.286 3.195 2130 -5 50 0.18 1.131 0.012 3 30.30 0.24 1 32.13 0.25 16 0.4 1.8 1.8 1.90 18.7
N3818 175.489 -6.156 1874 -5 153 0.16 1.124 0.015 1 30.94 0.60 1 32.80 0.61 32 0.7 1.4 2.5 1.69 20.3
N3904 177.305 -29.276 2095 -5 52 0.31 1.156 0.055 1 30.55 0.13 1 32.26 0.28 26 0.3 2.2 2.7 1.51 21.0
N3923 177.759 -28.806 1953 -5 52 0.36 1.194 0.055 1 30.26 0.12 1 31.80 0.28 42 0.2 2.8 2.7 1.50 21.9
N3928 177.946 48.681 1187 3 155 0.09 1.096 0.015 1 29.16 0.63 1 31.14 0.64 20 0.6 2.2 2.5 1.47 17.9
N3941 178.230 36.987 1215 -2 0 0.09 1.125 0.013 2 28.58 0.16 1 30.43 0.18 48 0.1 1.9 1.3 1.63 19.3
I0745 178.551 0.136 1506 -2 0 0.09 0.978 0.010 4 28.80 0.30 1 31.31 0.30 17 0.6 1.3 0.2 2.33 16.8
N3990 179.401 55.459 879 -3 155 0.07 1.151 0.019 1 28.33 0.27 1 30.06 0.28 11 0.5 2.0 4.2 0.98 16.8
N3998 179.486 55.454 1202 -2 155 0.07 1.194 0.011 3 29.20 0.18 1 30.75 0.19 34 0.3 2.6 2.4 1.35 19.7
N4026 179.857 50.962 1077 -2 155 0.09 1.174 0.015 1 29.04 0.26 1 30.67 0.28 26 0.7 1.3 4.7 0.86 19.6
N4033 180.145 -17.842 1886 -5 53 0.20 1.113 0.023 1 29.71 0.20 1 31.62 0.23 22 0.7 1.4 1.2 2.56 19.3
N4105 181.670 -29.762 2222 -5 49 0.26 1.171 0.017 2 30.47 0.14 1 32.12 0.17 34 0.2 1.8 2.4 1.89 21.5
N4111 181.761 43.067 1045 -1 155 0.06 1.096 0.015 1 28.90 0.22 1 30.88 0.23 34 0.6 1.3 3.9 1.20 19.1
N4125 182.030 65.173 1455 -5 54 0.08 1.174 0.011 2 30.26 0.24 1 31.89 0.25 52 0.2 1.7 2.3 1.86 21.9
N4138 182.378 43.688 1070 -1 155 0.06 1.164 0.013 2 29.02 0.25 1 30.70 0.26 37 0.6 1.2 3.0 1.01 18.9
N4143 182.402 42.536 1207 -2 155 0.05 1.181 0.015 1 29.41 0.17 1 31.01 0.19 24 0.4 1.8 3.0 1.38 19.4
N4150 182.640 30.402 538 -2 55 0.08 1.071 0.017 1 28.60 0.22 1 30.69 0.24 33 0.7 1.3 6.3 0.81 18.3
N4203 183.772 33.198 1399 -3 0 0.05 1.195 0.019 1 29.36 0.15 1 30.90 0.18 39 0.3 2.2 1.9 1.26 20.7
N4251 184.533 28.176 1367 -2 55 0.10 1.117 0.015 1 29.57 0.18 1 31.46 0.20 35 0.3 2.5 2.9 1.41 20.0
N4258 184.741 47.304 664 4 0 0.07 1.134 0.023 1 27.50 0.08 2 29.31 0.14 103 0.7 1.7 6.3 0.61 21.1
N4261 184.845 5.827 2557 -5 150 0.08 1.258 0.014 2 31.25 0.18 1 32.50 0.19 25 0.2 2.7 1.0 1.28 22.3
N4278 185.030 29.280 938 -5 55 0.12 1.161 0.012 4 29.34 0.18 1 31.03 0.20 40 0.4 1.8 5.9 0.66 20.4
N4291 185.076 75.373 1765 -5 98 0.16 1.175 0.017 1 30.47 0.31 1 32.09 0.32 33 0.3 2.1 2.2 1.68 20.4
N4283 185.087 29.311 1371 -5 55 0.11 1.178 0.010 3 29.37 0.18 1 30.98 0.19 18 0.6 2.2 2.4 1.65 18.3
N4346 185.867 46.994 977 -2 0 0.06 1.158 0.012 2 29.07 0.15 1 30.78 0.17 31 0.7 1.4 4.0 1.00 19.1
N4339 185.893 6.082 1653 -5 56 0.11 1.200 0.015 1 29.56 0.16 1 31.08 0.18 21 0.5 2.1 1.1 2.07 19.4
N4365 186.116 7.318 1592 -5 150 0.09 1.222 0.017 1 30.14 0.14 1 31.55 0.17 35 0.3 2.5 3.0 1.35 21.8
N4386 186.122 75.530 1698 -2 0 0.17 1.196 0.019 1 30.63 0.48 1 32.16 0.49 34 0.6 1.3 2.4 1.87 20.3
N4374 186.265 12.887 1375 -5 56 0.17 1.191 0.008 5 29.77 0.09 2 31.32 0.11 55 0.2 2.8 4.1 1.30 22.0
N4379 186.312 15.608 1407 -3 56 0.10 1.185 0.017 1 29.18 0.39 1 30.76 0.41 28 0.4 1.6 2.4 1.42 18.8
N4391 186.329 64.934 1451 -3 54 0.08 1.112 0.015 1 29.99 0.26 1 31.90 0.27 16 0.7 1.4 3.2 1.38 18.5
N4382 186.353 18.191 1087 -1 0 0.13 1.150 0.022 3 29.59 0.09 2 31.33 0.14 53 0.1 2.7 5.5 0.76 21.8
E322-008 186.407 -39.320 3335 -2 35 0.36 1.205 0.023 2 31.37 0.50 1 32.86 0.52 21 0.7 1.4 0.0 2.53 20.7
N4387 186.424 12.812 925 -5 56 0.14 1.163 0.011 2 29.97 0.72 1 31.65 0.73 15 0.4 1.4 3.0 1.46 19.0
N4406 186.549 12.947 120 -5 56 0.13 1.167 0.008 5 29.51 0.12 1 31.17 0.14 27 0.2 2.8 5.7 0.85 22.1
N4419 186.737 15.048 154 1 56 0.14 1.126 0.026 2 28.80 0.21 1 30.65 0.25 49 0.4 1.4 2.5 1.15 19.0
N4441 186.837 64.800 1553 -1 0 0.09 1.005 0.012 2 29.00 0.44 1 31.40 0.45 32 0.7 1.4 1.5 1.51 17.2
N4434 186.904 8.155 1418 -5 56 0.10 1.125 0.015 1 30.29 0.15 1 32.14 0.17 12 0.6 2.2 6.9 0.61 19.2
I3370 186.904 -39.338 3276 -5 35 0.40 1.185 0.022 3 30.56 0.14 1 32.14 0.17 19 0.3 2.2 0.9 2.69 20.9
N4460 187.192 44.863 782 -1 0 0.08 1.011 0.015 1 27.54 0.17 1 29.91 0.19 33 0.7 1.4 5.6 0.88 16.8
N4458 187.241 13.243 1001 -5 56 0.10 1.140 0.011 2 29.39 0.09 1 31.18 0.12 15 0.4 1.8 6.8 0.66 18.3
N4459 187.250 13.979 1553 -1 56 0.20 1.187 0.015 1 29.47 0.21 1 31.04 0.22 37 0.2 1.9 3.5 1.11 20.6
N4468 187.380 14.050 1232 -3 56 0.20 1.045 0.015 1 28.79 0.11 1 31.00 0.14 19 0.5 2.0 3.1 1.35 17.4
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N4472 187.444 7.999 1346 -5 56 0.10 1.218 0.011 3 29.62 0.07 2 31.06 0.10 65 0.2 2.7 3.8 1.08 22.5
N4473 187.453 13.430 2575 -5 56 0.12 1.158 0.012 2 29.28 0.11 1 30.98 0.13 35 0.3 2.2 2.5 1.62 20.3
N4476 187.495 12.348 2296 -3 56 0.12 1.048 0.017 1 28.98 0.14 1 31.18 0.17 20 0.6 2.2 2.1 1.40 17.8
N4478 187.572 12.329 1711 -5 56 0.11 1.164 0.019 3 29.62 0.26 1 31.29 0.28 19 0.6 2.4 3.0 1.49 19.3
N4486 187.707 12.390 1632 -4 56 0.10 1.244 0.012 3 29.72 0.14 2 31.03 0.16 53 0.1 3.3 4.4 0.74 22.2
N4489 187.718 16.759 1290 -5 56 0.12 1.046 0.015 1 29.05 0.13 1 31.26 0.15 15 0.6 1.3 3.3 1.48 17.9
N4494 187.851 25.774 1653 -5 235 0.09 1.139 0.010 3 29.38 0.08 1 31.16 0.11 27 0.2 2.5 3.2 0.91 20.6
N4526 188.512 7.700 949 -2 56 0.10 1.188 0.021 4 29.57 0.17 2 31.14 0.20 46 0.2 3.8 5.3 0.92 21.1
N4531 188.567 13.076 345 -1 56 0.18 1.100 0.015 1 28.94 0.20 1 30.91 0.22 42 0.4 1.7 3.2 1.19 19.4
N4548 188.860 14.497 884 3 56 0.16 1.148 0.019 1 29.67 0.53 1 31.42 0.54 24 0.4 1.5 3.1 1.19 22.0
N4546 188.873 -3.794 1395 -3 0 0.15 1.155 0.013 2 29.03 0.19 1 30.74 0.20 34 0.3 2.1 2.9 1.20 19.7
N4550 188.879 12.221 719 -2 56 0.17 1.078 0.011 2 28.94 0.18 1 31.00 0.20 22 0.4 1.6 3.5 1.11 18.4
U07767 188.886 73.675 1390 -5 0 0.09 1.152 0.019 1 30.48 0.96 1 32.22 0.97 18 0.6 1.3 2.2 1.67 18.3
N4551 188.909 12.266 1536 -5 56 0.17 1.170 0.009 3 29.54 0.16 2 31.19 0.17 22 0.4 1.7 3.8 1.05 18.9
N4552 188.916 12.557 660 -5 56 0.18 1.194 0.015 1 29.39 0.11 1 30.93 0.14 59 0.3 2.6 3.1 1.35 20.5
N4565 189.086 25.989 1527 3 235 0.07 1.128 0.027 1 29.37 0.11 1 31.21 0.17 54 0.6 1.2 3.2 0.99 21.1
N4564 189.113 11.439 1504 -5 56 0.15 1.161 0.009 3 29.19 0.16 2 30.88 0.17 26 0.3 2.7 3.2 1.12 19.3
N4589 189.357 74.195 2040 -5 98 0.12 1.180 0.015 1 30.10 0.20 1 31.71 0.22 28 0.3 2.5 1.2 1.98 20.5
N4578 189.378 9.555 2626 -2 56 0.09 1.127 0.015 1 29.50 0.10 1 31.34 0.13 26 0.4 3.0 3.6 1.12 19.7
E322-038 189.576 -41.501 3428 -3 58 0.56 1.242 0.051 1 31.15 0.25 1 32.48 0.34 11 0.7 1.4 0.2 2.37 20.1
N4594 189.997 -11.623 1483 1 0 0.22 1.175 0.031 2 28.32 0.10 1 29.95 0.18 48 0.7 1.4 2.6 1.04 21.6
N4600 190.094 3.120 1137 -2 0 0.12 1.141 0.017 1 27.55 0.20 1 29.33 0.22 30 0.7 1.5 1.7 1.66 16.0
I3653 190.316 11.387 940 0 56 0.14 1.139 0.017 1 29.05 0.44 1 30.84 0.45 11 0.5 2.0 2.8 1.28 16.5
N4620 190.499 12.943 1511 -2 56 0.13 1.048 0.019 1 29.44 0.29 1 31.64 0.30 16 0.7 1.4 2.3 1.51 18.0
N4621 190.510 11.647 780 -5 56 0.14 1.172 0.018 2 29.67 0.18 1 31.31 0.20 48 0.2 3.2 2.5 1.62 21.4
N4616 190.571 -40.642 4880 -4 59 0.55 1.196 0.021 2 31.45 0.21 1 32.98 0.24 17 0.4 1.8 1.4 2.36 20.3
N4638 190.699 11.443 1484 -3 56 0.11 1.149 0.013 2 29.93 0.25 1 31.68 0.26 26 0.7 1.4 3.0 1.23 19.8
N4636 190.707 2.688 1286 -5 152 0.12 1.233 0.012 2 29.46 0.11 1 30.83 0.13 43 0.2 3.6 3.3 1.29 21.7
N4649 190.918 11.549 1430 -5 56 0.12 1.232 0.023 2 29.76 0.09 1 31.13 0.15 35 0.2 1.9 3.8 0.86 22.4
N4645 191.041 -41.750 2883 -4 58 0.64 1.188 0.025 2 30.82 0.13 1 32.38 0.18 17 0.3 2.5 1.9 2.13 20.6
N4660 191.135 11.191 1451 -5 56 0.14 1.154 0.015 1 28.82 0.17 1 30.54 0.19 26 0.4 1.7 2.3 1.67 18.6
N4684 191.824 -2.727 1940 -1 151 0.12 1.100 0.015 1 28.68 0.17 1 30.65 0.19 30 0.4 1.5 0.4 2.68 18.4
E322-088 192.091 -41.714 2895 -2 58 0.48 1.156 0.034 1 31.07 0.65 1 32.78 0.67 34 0.4 1.8 1.2 2.46 19.8
N4697 192.150 -5.801 1561 -5 151 0.13 1.157 0.010 3 28.64 0.12 1 30.35 0.14 41 0.3 2.1 1.7 2.19 20.8
N4696 192.208 -41.311 3248 -4 58 0.49 1.203 0.014 3 31.25 0.15 2 32.75 0.17 57 0.3 2.1 0.7 2.53 22.4
E322-101 192.391 -41.056 2343 0 58 0.49 1.167 0.023 2 30.52 0.42 1 32.18 0.44 10 0.5 2.1 2.7 1.99 18.3
N4709 192.517 -41.382 4939 -5 59 0.51 1.199 0.011 4 31.22 0.22 1 32.74 0.23 26 0.2 3.0 2.4 1.80 21.9
N4725 192.612 25.500 1502 2 0 0.05 1.209 0.023 1 29.14 0.32 1 30.61 0.34 27 0.7 1.3 2.1 1.82 21.8
N4736 192.723 41.119 540 2 0 0.08 1.071 0.017 1 26.49 0.15 2 28.58 0.18 123 0.6 1.4 6.2 0.52 19.3
N4733 192.779 10.912 1237 -4 56 0.09 1.099 0.015 1 28.90 0.18 1 30.87 0.20 26 0.3 2.7 3.9 1.03 18.6
N4742 192.950 -10.455 1669 -5 0 0.18 1.045 0.017 2 28.74 0.13 1 30.95 0.16 33 0.5 1.8 2.1 1.84 18.5
N4754 193.074 11.314 1705 -3 56 0.14 1.178 0.011 2 29.51 0.12 1 31.13 0.14 33 0.3 2.6 1.7 1.82 20.2
N4753 193.095 -1.199 1635 0 0 0.15 1.087 0.013 2 29.83 0.17 1 31.86 0.19 67 0.7 1.3 1.1 1.67 21.4
E323-034 193.358 -41.204 4542 -5 59 0.54 1.165 0.019 2 31.02 0.20 1 32.69 0.22 27 0.5 2.2 1.1 2.51 20.8
N4802 193.957 -12.055 1358 -2 0 0.21 1.004 0.018 1 27.92 0.13 1 30.31 0.16 28 0.7 1.4 2.2 1.63 17.7
N4826 194.185 21.685 717 2 0 0.18 1.029 0.011 2 27.09 0.18 1 29.37 0.20 102 0.7 1.4 5.4 0.77 19.9
N4946 196.372 -43.591 3310 -4 62 0.47 1.190 0.021 2 31.83 0.14 2 33.39 0.17 15 0.3 2.8 1.9 2.45 21.3
N5044 198.850 -16.386 3033 -5 63 0.30 1.210 0.027 1 31.00 0.25 1 32.47 0.28 28 0.3 2.4 0.3 2.18 21.2
N5102 200.491 -36.630 706 -3 226 0.24 0.976 0.016 1 25.49 0.09 1 28.01 0.13 57 0.3 2.1 5.3 0.90 17.6
N5128 201.371 -43.017 812 -2 226 0.50 1.078 0.016 1 26.05 0.11 1 28.12 0.14 185 0.6 1.3 4.4 1.07 21.8
N5195 202.495 47.272 742 0 0 0.16 1.056 0.019 1 27.25 0.25 2 29.42 0.27 38 0.0 1.9 6.0 0.63 19.4
N5273 205.535 35.653 1313 -2 0 0.04 1.142 0.017 1 29.31 0.24 1 31.09 0.26 26 0.4 1.7 2.2 1.38 18.9
N5322 207.315 60.191 1916 -5 254 0.06 1.183 0.011 2 30.88 0.22 1 32.47 0.23 29 0.4 3.0 1.0 1.74 22.0
N5338 208.360 5.208 1068 -2 0 0.12 1.019 0.023 1 28.21 0.28 1 30.54 0.30 14 0.5 1.1 3.0 2.05 16.8
N5485 211.798 55.002 2111 -2 237 0.07 1.180 0.017 1 30.46 0.33 1 32.07 0.34 32 0.7 1.4 0.6 2.32 20.5
N5582 215.181 39.693 1492 -5 0 0.06 1.145 0.013 2 30.51 0.22 1 32.27 0.23 24 0.5 1.8 3.8 1.21 20.1
N5574 215.235 3.239 1845 -3 0 0.14 1.054 0.011 3 29.71 0.61 1 31.89 0.62 17 0.6 1.3 1.2 2.18 18.4
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Table 1—Continued
Galaxy RA Dec vCMB T Grp AB (V−I) mI (m−M) 〈r〉 Q PD NI
N5576 215.268 3.271 1818 -5 68 0.14 1.098 0.010 4 30.05 0.12 1 32.03 0.14 24 0.3 2.4 2.7 1.71 20.8
N5611 216.022 33.049 2154 -2 0 0.05 1.111 0.017 2 30.09 0.45 1 32.01 0.46 15 0.7 1.4 0.8 2.37 18.4
N5631 216.639 56.583 2057 -2 0 0.09 1.122 0.019 1 30.35 0.22 1 32.22 0.24 32 0.7 1.4 1.1 2.41 20.3
N5638 217.419 3.234 1901 -5 68 0.14 1.169 0.011 3 30.44 0.23 2 32.10 0.24 25 0.2 3.5 2.0 1.79 20.5
N5687 218.722 54.476 2310 -3 0 0.05 1.174 0.013 2 30.60 0.50 1 32.23 0.51 16 0.7 1.4 0.2 2.68 20.2
N5770 223.313 3.960 1687 -2 0 0.17 1.120 0.017 1 29.52 0.28 1 31.39 0.29 32 0.7 1.4 1.7 1.97 18.8
N5812 225.232 -7.458 2286 -5 0 0.38 1.213 0.015 1 30.70 0.28 1 32.15 0.29 33 0.3 2.6 0.8 2.35 21.2
N5813 225.297 1.702 2178 -5 70 0.25 1.189 0.014 2 30.97 0.16 1 32.54 0.18 25 0.3 2.7 2.4 1.20 21.9
N5831 226.030 1.221 1894 -5 70 0.26 1.140 0.010 5 30.38 0.15 1 32.17 0.17 18 0.3 2.1 3.3 1.14 20.3
N5839 226.367 1.635 1420 -2 70 0.23 1.190 0.011 2 30.21 0.30 1 31.77 0.30 32 0.7 1.4 4.4 1.24 19.2
N5845 226.505 1.635 1654 -5 70 0.23 1.124 0.012 3 30.21 0.19 1 32.07 0.21 14 0.6 2.4 3.5 0.83 18.8
N5846 226.622 1.607 1917 -5 70 0.24 1.227 0.007 8 30.59 0.19 1 31.98 0.20 23 0.2 3.3 4.2 1.02 22.0
N5866 226.626 55.763 754 -1 0 0.06 1.121 0.009 4 29.05 0.10 3 30.93 0.12 38 0.6 2.3 5.8 0.87 20.4
N5898 229.555 -24.097 2284 -5 71 0.63 1.169 0.009 5 30.67 0.25 1 32.32 0.26 33 0.4 1.8 2.9 2.12 21.1
N5903 229.651 -24.068 2711 -5 71 0.64 1.142 0.011 4 30.87 0.22 1 32.65 0.23 24 0.3 2.4 1.3 2.28 21.5
I1153 239.265 48.168 803 -2 0 0.08 1.197 0.011 3 29.75 0.19 2 31.28 0.21 15 0.4 2.9 5.2 0.83 18.4
N6017 239.314 5.998 1921 0 0 0.23 1.092 0.011 2 30.37 0.31 1 32.37 0.31 16 0.7 1.4 1.3 1.96 18.5
N6548 271.496 18.587 2088 -2 0 0.35 1.244 0.009 3 30.50 0.20 2 31.81 0.21 34 0.6 2.6 1.9 1.77 21.1
N6673 281.279 -62.297 1128 -4 78 0.46 1.189 0.019 1 28.61 0.20 1 30.18 0.23 29 0.6 1.3 3.2 1.38 18.1
N6703 281.829 45.551 2244 -3 0 0.38 1.164 0.006 9 30.45 0.29 3 32.13 0.29 20 0.5 2.0 1.3 2.02 21.0
N6684 282.240 -65.174 846 -2 0 0.29 1.116 0.015 2 28.82 0.22 1 30.72 0.24 72 0.5 1.1 4.8 1.07 20.1
I4797 284.122 -54.306 2544 -4 279 0.34 1.184 0.018 1 30.66 0.18 1 32.24 0.20 23 0.4 1.8 2.1 1.96 20.6
I4889 296.316 -54.344 2393 -5 77 0.23 1.137 0.016 2 30.54 0.13 1 32.33 0.16 20 0.4 3.0 2.2 1.77 20.7
N6869 300.150 66.217 2603 -2 0 0.79 1.164 0.007 5 30.86 0.21 1 32.53 0.22 20 0.5 2.0 1.4 2.34 20.7
N6851 300.890 -48.284 2914 -5 80 0.20 1.137 0.016 3 30.99 0.19 1 32.79 0.21 20 0.4 3.0 0.7 2.04 20.4
N6861 301.830 -48.370 2687 -3 80 0.23 1.221 0.019 2 30.82 0.35 1 32.24 0.36 32 0.5 1.9 1.2 2.47 21.2
N6909 306.911 -47.026 2600 -4 80 0.16 1.064 0.020 2 30.63 0.12 2 32.75 0.16 19 0.4 3.0 1.9 2.00 19.9
N7029 317.968 -49.283 2645 -5 83 0.16 1.138 0.032 1 31.13 0.46 1 32.92 0.49 32 0.5 1.9 1.4 2.27 20.6
N7041 319.136 -48.364 1697 -3 83 0.17 1.139 0.055 2 30.27 0.18 1 32.05 0.31 37 0.4 1.6 3.2 1.66 20.2
N7049 319.751 -48.564 1977 -2 83 0.24 1.174 0.033 1 30.75 0.15 1 32.38 0.22 55 0.5 2.1 2.8 1.58 21.8
N7097 325.056 -42.540 2184 -5 267 0.09 1.176 0.022 2 30.93 0.18 1 32.55 0.21 29 0.2 2.0 3.7 1.55 20.2
N7144 328.179 -48.254 1722 -5 84 0.09 1.161 0.009 5 30.26 0.10 3 31.95 0.12 33 0.2 1.9 3.1 1.65 20.7
N7145 328.334 -47.882 1673 -5 84 0.09 1.133 0.016 2 30.04 0.19 1 31.85 0.21 25 0.3 2.4 2.5 1.76 20.1
N7173 330.515 -31.974 2225 -4 85 0.11 1.150 0.017 1 30.74 0.16 1 32.48 0.19 21 0.3 2.8 2.8 1.89 19.9
N7168 330.530 -51.742 2563 -5 102 0.10 1.184 0.022 2 31.14 0.21 1 32.72 0.24 29 0.2 2.0 1.8 2.36 20.4
N7180 330.576 -20.547 1164 -2 265 0.14 1.109 0.009 4 29.34 0.25 2 31.26 0.26 23 0.4 1.7 3.7 1.35 17.8
N7185 330.734 -20.471 1523 -3 265 0.14 1.080 0.012 2 29.45 0.36 1 31.51 0.37 30 0.6 1.3 1.5 2.18 18.5
N7196 331.478 -50.120 2813 -5 102 0.09 1.211 0.022 2 31.80 0.28 1 33.27 0.30 31 0.2 1.9 2.5 1.86 21.7
N7192 331.708 -64.316 2764 -4 0 0.15 1.174 0.032 1 31.26 0.28 1 32.89 0.32 27 0.3 2.2 1.0 2.60 21.2
N7200 331.788 -49.996 2702 -4 102 0.08 1.183 0.018 3 31.12 0.31 1 32.71 0.32 16 0.5 1.9 2.6 2.03 19.2
N7280 336.615 16.149 1542 -1 0 0.24 1.105 0.009 3 29.98 0.21 1 31.93 0.22 32 0.7 1.4 2.7 1.67 19.1
N7302 338.100 -14.117 2242 -3 0 0.30 1.126 0.016 3 30.03 0.19 1 31.88 0.21 17 0.6 1.3 1.0 2.33 19.2
N7331 339.272 34.419 492 3 0 0.39 1.120 0.017 1 28.72 0.14 1 30.59 0.17 115 0.8 1.5 9.3 0.36 20.9
N7332 339.352 23.798 853 -2 0 0.16 1.107 0.008 4 29.88 0.19 3 31.81 0.20 27 0.6 1.6 7.5 0.61 20.1
I1459 344.290 -36.460 1350 -5 231 0.07 1.194 0.018 1 30.79 0.26 1 32.33 0.28 54 0.3 2.2 4.1 1.49 22.2
N7457 345.250 30.144 478 -3 0 0.23 1.104 0.009 3 28.66 0.20 3 30.61 0.21 30 0.2 2.6 9.3 0.36 18.8
N7454 345.278 16.390 1637 -5 232 0.34 1.123 0.012 4 30.03 0.29 2 31.89 0.30 23 0.5 1.9 3.5 1.23 19.6
N7507 348.032 -28.541 1240 -5 243 0.21 1.196 0.009 4 30.45 0.15 1 31.99 0.17 35 0.2 1.7 3.9 1.20 21.8
N7619 350.061 8.206 3370 -5 87 0.35 1.229 0.009 3 32.23 0.31 2 33.62 0.31 25 0.4 3.5 2.1 2.46 22.9
I5328 353.321 -45.017 2902 -5 0 0.06 1.173 0.023 2 31.26 0.10 2 32.89 0.15 23 0.3 2.5 1.6 2.67 21.2
N7743 356.090 9.934 1283 -1 0 0.31 1.080 0.009 3 29.53 0.15 1 31.58 0.17 14 0.4 1.6 4.1 1.03 19.6
N7796 359.749 -55.457 3078 -4 0 0.04 1.230 0.022 2 32.11 0.38 1 33.49 0.40 23 0.3 2.5 0.8 2.43 22.1
20
Table 2
Uncertain SBF Data
Galaxy RA Dec vCMB T Grp AB (V−I) mI (m−M) 〈r〉 Q PD NI
N1331 51.618 -21.356 1173 -5 31 0.13 0 29.73 0.32 1 31.80 0.37 21 0.7 1.4 3.6 1.65 17.6
N1521 62.079 -21.052 4070 -5 0 0.18 1.152 0.029 1 32.41 0.36 1 34.14 0.38 21 0.3 2.8 0.2 2.81 22.1
N1700 74.234 -4.868 3844 -5 100 0.19 1.163 0.011 4 31.54 0.14 1 33.23 0.16 26 0.3 2.2 0.6 2.88 21.7
N3413 162.838 32.768 917 -2 0 0.10 0.733 0.015 1 27.44 0.23 1 31.05 0.24 18 0.5 1.9 4.7 0.78 16.2
N3522 166.669 20.086 1590 -5 0 0.10 0 30.02 0.21 1 32.03 0.28 18 0.5 2.0 3.2 1.30 18.1
N3962 178.666 -13.973 2192 -5 244 0.20 1.145 0.023 1 30.98 0.48 1 32.74 0.49 36 0.4 1.7 0.8 2.85 21.8
N4168 183.069 13.207 2653 -5 0 0.16 1.132 0.015 1 30.63 0.41 1 32.45 0.42 19 0.6 2.3 -0.4 2.31 20.8
N4233 184.277 7.623 2726 -2 150 0.10 1.191 0.015 1 31.09 0.93 1 32.65 0.94 32 0.7 1.4 -0.6 2.43 20.3
N4281 185.090 5.387 3089 -1 150 0.09 1.167 0.015 1 30.28 0.26 1 31.94 0.28 27 0.3 2.6 -0.1 2.22 20.3
N4627 190.499 32.575 1102 -5 248 0.07 0.911 0.015 1 27.04 0.13 1 29.86 0.15 27 0.2 1.6 3.4 1.32 15.4
N4767 193.472 -39.714 3298 -5 58 0.46 1.175 0.028 2 30.95 0.21 1 32.58 0.25 19 0.3 2.2 1.0 2.80 20.8
N5011 198.216 -43.097 3371 -5 62 0.43 1.189 0.027 1 31.54 0.18 1 33.11 0.22 22 0.3 2.7 0.9 2.73 22.0
N5193 202.973 -33.235 3932 -5 64 0.24 1.164 0.034 1 30.99 0.25 2 32.66 0.29 20 0.3 3.0 0.0 2.91 20.6
N5869 227.455 0.470 2314 -2 70 0.23 1.161 0.014 5 30.28 1.22 1 31.98 1.22 8 0.7 1.3 -0.1 2.24 19.7
N6702 281.741 45.707 4600 -5 0 0.47 1.149 0.006 8 31.76 0.23 1 33.51 0.24 13 0.4 2.9 0.4 2.71 21.1
I4943 301.618 -48.374 2799 -5 80 0.22 1.133 0.023 2 30.67 0.15 2 32.48 0.19 15 0.5 1.9 1.4 2.80 19.2
N6868 302.474 -48.379 2742 -5 80 0.24 1.230 0.009 4 30.76 0.24 1 32.14 0.25 26 0.3 2.3 0.3 2.77 21.4
I5269 344.425 -36.017 1846 -2 231 0.07 0 30.15 0.24 1 32.02 0.30 22 0.7 1.4 1.8 2.40 19.1
N7562 348.989 6.688 3231 -5 87 0.45 1.187 0.018 1 32.22 0.83 1 33.79 0.84 32 0.7 1.4 0.2 2.97 22.0
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Table 3
SBF Color Data
Galaxy 〈r〉 mV mR mI (V−I) mV−mR mV−mI
N0147 24.51 0.09 23.39 0.09 22.29 0.09 1.030 1.12 0.12 2.22 0.12
N0185 24.38 0.11 23.21 0.09 21.98 0.08 1.023 1.18 0.14 2.40 0.14
N0205 8 23.72 0.17 23.22 0.18 22.26 0.17 0.845 0.50 0.24 1.46 0.24
N0205 16 24.32 0.16 23.53 0.10 22.28 0.08 0.895 0.79 0.19 2.04 0.18
N0205 33 24.60 0.09 23.60 0.09 22.35 0.08 0.965 1.00 0.12 2.25 0.12
N0205 66 24.77 0.08 23.67 0.08 22.43 0.08 0.995 1.10 0.11 2.34 0.11
N0205 132 24.77 0.08 23.67 0.08 22.45 0.08 0.985 1.10 0.11 2.32 0.11
N0221 25.43 0.09 24.20 0.09 22.84 0.09 1.139 1.22 0.12 2.59 0.12
N0224 25.51 0.09 24.53 0.09 22.96 0.09 1.233 0.98 0.12 2.54 0.12
N0404 28.13 0.13 26.99 0.09 25.48 0.09 1.063 1.14 0.16 2.65 0.16
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Table 4
SBF Groups
Group Example RA Dec vh 7S# (m−M) D N
LocalGroup N0224 10.0 41.0 −300 282 24.48 0.05 0.79 0.02 2
Cetus N0636 24.2 −7.8 1800 26 31.97 0.09 24.8 1.1 5
N1023 N1023 37.0 35.0 650 0 30.00 0.11 10.0 0.5 4
Eridanus N1407 53.0 −21.0 1700 32 32.00 0.08 25.1 1.0 7
Fornax N1399 54.1 −35.6 1400 31 31.49 0.04 19.9 0.4 26
Dorado N1549 63.7 −55.7 1300 211 31.34 0.08 18.5 0.7 6
M81 N3031 147.9 69.3 −40 299 28.01 0.12 4.0 0.2 2
LeoIII N3193 153.9 22.1 1400 45 32.38 0.15 29.9 2.2 2
LeoI N3379 161.3 12.8 900 57 30.22 0.06 11.1 0.3 5
LeoII N3607 168.6 18.3 950 48 31.69 0.08 21.8 0.9 5
UMa N3928 180.0 47.0 900 155 30.84 0.10 14.7 0.8 6
N4125 N4125 181.4 65.5 1300 54 31.82 0.17 23.1 2.0 3
ComaI N4278 184.4 29.6 1000 55 31.07 0.10 16.4 0.8 4
N4386 N4386 185.6 75.8 1650 98 31.87 0.17 23.6 2.0 3
Virgo N4486 187.1 12.7 1150 56 31.15 0.03 17.0 0.3 31
ComaII N4494 187.2 26.1 1350 235 31.14 0.09 16.9 0.8 3
Centaurus N4696 191.5 −41.0 3000 58 32.64 0.08 33.8 1.4 9
N5011 N5011 197.5 −42.8 3100 62 33.28 0.14 45.3 3.1 2
CenA N5128 200.0 −39.0 550 226 28.06 0.11 4.1 0.2 2
N5322 N5322 212.5 57.0 2000 254 32.29 0.15 28.7 2.2 4
N5846 N5846 226.0 1.8 1700 70 32.17 0.09 27.1 1.2 5
Telescopium N6868 301.6 −48.5 2900 80 32.57 0.10 32.7 1.6 5
N7331 N7457 338.7 34.2 800 0 30.60 0.14 13.2 0.9 2
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